Does Measurement of Esophagogastric Junction
Distensibility by EndoFLIP Predict Therapyresponsiveness to Endoluminal Fundoplication in Patients With Gastroesophageal Reflux Disease?
Introduction
Pharmacological therapy with proton pump inhibitors (PPIs) is effective in controlling reflux symptoms and therefore considered the mainstay for gastroesophageal reflux disease (GERD) treatment. However, in case of unresponsiveness to PPIs or incomplete symptom relief, antireflux surgery should be considered. 1 Antireflux surgery controls GERD by restoring the competence of the gastroesophageal junction. It should be taken into account that antireflux surgery is associated with short and long-term adverse effects including dysphagia and gas bloat. 2 In the last decade, several endoscopic treatment options have been developed as less invasive alternatives to antireflux surgery. 3 Most of the devices like Gatekeeper tm and Enteryx showed acceptable to good short-term outcomes but are no longer available due to poor long-term outcomes and the occurrence of complications. 4 Transoral incisionless fundoplication (TIF) using the EsophyX device is a novel technique developed for treatment of GERD patients and previous studies demonstrated that TIF is a safe treatment option and effective in improving quality of life. 5 However, in uncontrolled trials normalization of acid exposure time is only present in 37-50% of patients with a lack of correlation between objective and subjective treatment outcomes assessed with pH-metry and validated questionnaires. [6] [7] [8] Previous studies have attempted to identify patient characteristics and objective parameters like lower esophageal sphincter (LES) resting pressure and the number of fasteners that may help to predict treatment outcome of the TIF procedure. 9, 10 However, up to now, no objective parameter is available to select patients for this endoluminal procedure. Increased esophagogastric junction (EGJ) distensibility is considered a pathophysiologic factor in GERD as EGJ compliance determines the opening diameter of the EGJ and consequently the volume of reflux content into the esophagus. 11, 12 Surgical treatment options attempt to restore anatomic components of the antireflux barrier and previous studies using the barostat method have described a reduction in EGJ distensibility after laparoscopic Nissen fundoplication. 13, 14 Recently, a new endoscopic functional luminal imaging probe (EndoFLIP) has been developed to assess EGJ distensibility using impedance planimetry during volumetric distensions. Advantages of this technique compared to barostat are its use without need for additional fluoroscopy, real time dynamic imaging of the EGJ and fast assessment of EGJ distensibility patterns. 15 Stratification of GERD patients according to EGJ distensibility might help to identify patients responsive to TIF and we hypothesize that patients with low preoperative EGJ distensibility will have better EGJ competence and consequently a better response to TIF compared to patients with high EGJ distensibility. Moreover, the use of the EndoFLIP in the postoperative period might provide more insight into the antireflux mechanism of this endoluminal fundoplication procedure. 15 Therefore, we investigated the value of the EndoFLIP technique in GERD patients treated by an endoluminal fundoplication procedure.
M aterials and M ethods

Patients
Between 2009 and 2012, transoral incisionless fundoplication was performed in 60 chronic GERD patients in a randomized controlled trial comparing TIF with acid suppressive medication at the Maastricht University Medical Center. Outcomes of this randomized controlled trial from our group are awaited with long-term data after endoluminal fundoplication (including safety, complications, and need for additional treatment) and will be reported separately. In the present study, a post-hoc analysis was performed in 42 patients to investigate the value of the EndoFLIP technique in endoluminal antireflux surgery.
Patients were referred for antireflux surgery either because they were refractory, unsatisfied or unwilling to take lifelong acid suppressive medication. Patients underwent upper gastrointestinal endoscopy, 24-hour pH-impedance monitoring and esophageal manometry as standard preoperative work-up for antireflux surgery.
Patients with chronic GERD symptoms (> 6 months), esophagitis at upper gastrointestinal endoscopy and/or abnormal acid exposure time during 24-hour pH-impedance monitoring (pH < 4 during > 4% of time) were included. All patients were aged 18 to 75 years with a body mass index (BMI) below 35 kg/m 2 and normal LES resting pressure (< 30 mmHg).
Exclusion criteria were age < 18 years, current pregnancy, severe reflux esophagitis grade D according to the Los Angeles classification, other esophageal diseases (including esophageal motility disorders, biopsy proven Barrett's esophagus, esophageal stricture or esophageal ulcer), previous antireflux surgery or severe comorbidities (including cardiopulmonary disease, portal hypertension, coagulation disorders, immunosuppression or morbid obesity). Patients with hiatal hernia > 2 cm were excluded, since previous studies demonstrated that complete reduction of hernias was more often achieved in patients with small hiatal hernia (1-2 cm) compared to patients with large hiatal hernia (> 3 cm).
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The protocol was approved by the medical ethical committee of the Maastricht University Medical Center (METC 07-2-051, NL17303.068.07) and was registered NCT00857597 (clinicaltrials.gov). Written informed consent was obtained from all patients.
Study Protocol
Symptom scores, upper gastrointestinal endoscopy and 24-hour pH-impedance monitoring were performed preoperatively to assess whether patients were eligible for the TIF procedure and these measurements were repeated 6 months after the endoluminal fundoplication. Esophageal manometry was performed preoperatively to exclude esophageal motility disorders. All patients underwent one EndoFLIP measurement before the TIF procedure and EndoFLIP measurements were repeated in the direct postoperative state and at 6 months follow-up in the last 25 consecutive patients treated with TIF.
Assessment of Symptoms and Medication Use
Symptoms were assessed using the GERD health-related quality of life (GERD-HRQL), a validated questionnaire consisting of 10 questions measuring heartburn, dysphagia, bloating, and satisfaction with the impact of medication on daily life, with scores from 0 (no symptoms) to 5 (worst symptoms). 16 Total GERD-HRQL scores were calculated by summing the individual items with a maximal score of 50 points. Symptoms were evaluated at baseline while off acid suppressive medication and at 6 months follow-up. Clinical treatment outcome was assessed 6 months after TIF and patients achieving at least 50% improvement in GERD-HRQL scores compared to baseline off PPIs were considered responsive to the procedure. 17 Use of acid suppressive medication was assessed preoperative and 6 months after TIF. The use of acid suppressive medication was recorded and categorized in none, occasional or common usage. "Common" usage of PPIs corresponded to full dose or half dose taken daily for more than 50% of the follow-up period, "occasional" usage of PPIs was defined as less than a half dose or any daily dose of PPIs taken for less than 50% of total number of follow-up days, and "none" when patients did not use PPIs in the preceding follow-up period.
Endoscopy
Upper endoscopy was performed by a single gastroenterologist prior to the TIF procedure (JC). Patients underwent endoscopy in the left lateral decubitus position after induction of general anesthesia. Presence and size of hiatal hernia, and reflux esophagitis according to the Los Angeles classification were determined. In retroversion, the gastroesophageal junction was assessed according to the Hill classification (grade I-IV). Patients with Hill grade I or II were considered as patients with normal gastroesophageal flap valve grade and patients with Hill grade III or IV as patients with abnormal flap valve.
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Ambulatory 24-hour pH-Impedance Monitoring Ambulatory 24-hour pH-impedance monitoring was performed at baseline and 6 months after TIF using a combined pH-impedance catheter (Unisensor AG, Attikon, Switzerland). The catheter was introduced transnasally and contained six impedance segments and one pH-electrode. Impedance recording segments were located 2-4, 4-6, 6-8, 8-10, 14-16, and 16-18 cm above the upper border of the LES and the pH electrode was positioned 5 cm above the upper border of the LES, as determined during esophageal manometry. The pH-impedance catheter was left in situ for 24 hours and data from the catheter were transmitted to and recorded on a portable recorder (Ohmega, Medical Measurement Systems, Enschede, The Netherlands). Patients received a personal diary to note GERD symptoms, meal periods and body position (upright or supine), meal periods were excluded from the analysis.
Analysis of 24-hour pH-impedance measurements included acid exposure time (AET, %) and number of liquid, proximal and acid reflux episodes. Reflux episodes with pH < 4 were classified as acidic reflux episodes and reflux episodes with pH ≥ 4 were classified as non-acidic reflux episodes. Reflux episodes reaching the 2 proximal recording segments were considered as proximal reflux episodes. Objective treatment outcome was assessed according to AET at 6 months follow-up. Patients with normalized AET (pH < 4 for ≤ 4% of time) were considered as patients with a good objective treatment outcome whereas patients with persistent abnormal AET (pH < 4 during > 4% of time) were considered as patients with a poor objective treatment outcome.
Assessment of Esophagogastric Junction Distensibility
Esophagogastric junction distensibility was measured using a commercially available functional luminal imaging probe (EndoFLIP; Crospon Medical Devices, Galway, Ireland). 15, 19 The EndoFLIP probe consists of a catheter with a noncompliant bag on its distal end, which encloses 17 electrodes at 5 mm intervals. Cross sectional areas (CSAs) are determined for 16 balloon cross sections during volumetric distensions using impedance planimetry. One pressure sensor is located on the probe to determine intra-bag pressure allowing assessment of EGJ distensibility of the distended area. Baseline pressure was zeroed prior to insertion of the catheter. At the end of endoscopy the deflated catheter was inserted transorally and positioned at the EGJ. The endoscope was withdrawn and the balloon was inflated to 20 mL and 30 mL distension volumes with a specially formulated conductive solution. To ensure proper bag placement, EndoFLIP measurements were monitored in real time by the display on the recording unit. An hourglass shape of the balloon was observed in all measurements with the narrowest CSA at the level of the esophagogastric junction. Measurements interrupted by balloon migration or esophageal peristalsis were repeated. After completing EGJ measurements, the EndoFLIP bag was deflated and removed. Immediately after the TIF procedure a second EndoFLIP measurement was performed in 25 patients. EGJ distensibility was assessed using the mean value over a 30 seconds dynamic measurement of the narrowest CSA and the corresponding intra-bag pressure (narrowest CSA in mm 2 /intra-bag pressure in mmHg).
Transoral Incisionless Fundoplication Procedure
TIF was performed using the EsophyX-2 device (EndoGastric Solutions, Inc, Redmond, WA, USA) according to the protocol as previously described. 20 Patients were placed in the left lateral decubitus position after induction of general anesthesia. All procedures were performed by an experienced team of a gastroenterologist and a surgeon. The EsophyX device was inserted transorally over a flexible endoscope into the stomach. A retractor was anchored at the gastroesophageal junction and a hiatal hernia, if present, was reduced by returning the squamocolumnar junction to its natural position below the diaphragm using a built-in vacuum invaginator. A partial fundoplication was constructed through sequential retractions of tissue and tailored placement of multiple H-shaped polypropylene fasteners circumferentially around the gastroesophageal junction to create a full thickness 240-330 degree circumference fundoplication (Fig. 1 ).
Statistical Methods
Data for continuous variables are expressed as median (interquartile range [IQR] ). Statistical comparisons between preoperative and postoperative parameters were performed using Wilcoxon signed rank test; in case of proportions, McNemar's 
Results
Patient Characteristics and Symptom Scores
Of the total of 42 patients, 26 were male (62%), mean age was 45 years (range, 20-68 years) with a median BMI of 25.6 kg/m 2 (23.5-27.9 kg/m 2 ). Assessment of EGJ distensibility using the EndoFLIP system was feasible in all but one patient due to incorrect placement of the EndoFLIP balloon and no adverse events occurred. Six months after TIF, symptom scores and 24-hour pH-impedance monitoring results were available for 37 patients, whereas upper endoscopy was performed in 38 patients. Three patients were lost to follow-up, one patients had a defective pH-measurement recording and one patient refused to undergo pH-impedance monitoring due to a psychiatric disorder.
Six months after TIF, GERD symptoms had improved according to the reduction in GERD-HRQL scores (from 26 [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] ) to 10 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , P < 0.01). Common use of acid suppressive medication was discontinued by 67% of patients, whereas 19% used PPIs occasionally and common use was present in 14%.
Endoscopy
Prior to the TIF procedure, hiatal hernia was present in 28 (67%) patients (1 cm: 11 patients; 2 cm: 17 patients), most patients had gastroesophageal flap valve grade II (60%) or III (31%) and in 12 (29%) patients esophagitis was described (grade A: 5 patients; grade B: 6 patients; grade C: 1 patient).
Six months after TIF, hiatal hernia was present in 15 (39%) patients (1 cm: 7 patients; 2 cm: 8 patients; P = 0.052, compared to preoperative), 82% of patients had a normal Hill grade (P = 0.022, compared to preoperative) and 8 (21%) patients had esophagitis (grade A: 3 patients; grade B: 4 patients; grade C: 1 patient). Preoperative esophagitis was cured in 8 patients, whereas 4 patients had persistent esophagitis and 4 patients had esophagitis de novo (P = 0.388).
Objective Treatment Outcome
Esophageal acid exposure time (AET) and number of reflux episodes were reduced at 6 months follow-up (Table 1) . Normalization of esophageal AET was achieved in 21 patients whereas 16 patients had persistent abnormal AET. No difference was found in symptom scores between patients with normalized and persistent abnormal AET both preoperatively and at 6 months follow-up, and both patient groups had a significant reduction in symptom scores after TIF (P < 0.01, compared to preoperative). Six months after TIF, no difference was found in medication use between both patient groups (P = 0.677), whereas normal Hill grade was more often present in patients with normalized AET compared to patients with persistent pathological AET (100% vs 56%, P < 0.01).
Patients with normalization of AET at 6 months follow-up turned out to have a lower preoperative esophageal AET and lower preoperative EGJ distensibility compared to patients with persistent abnormal AET ( were independent predictors for objective treatment success (ie, normalization of acid exposure time) after TIF, whereas presence of preoperative hiatal hernia and gastroesophageal flap valve grade could not predict objective treatment outcome after TIF (Table 3) . Since preoperative EGJ distensibility and preoperative AET are predictors of objective treatment outcome, we determined cut-off values to improve patient selection for the TIF procedure. To assess the best cut-off values, we evaluated the percentage of patients with normalized or persistent abnormal AET for different values. The best cut-off value for preoperative EGJ distensibility (30 mL) was 2.3 mm 2 /mmHg as patients with a lower distensibility had normalized AET in 72% of cases, while patients with a higher preoperative distensibility maintained an abnormal AET in 82% of cases. The optimal cut-off value for preoperative AET was 11% (< 11%: 77% had normalized AET; > 11%: 79% had persistent abnormal AET). Combining these results, we found that 15 out of 16 patients (94%) meeting both criteria (EGJ distensibility at 30 mL < 2.3 mm 2 /mmHg and acid exposure time < 11%) had normalized AET at 6 months follow-up (Fig. 2) .
Clinical Treatment Outcome
In 59% of patients, an improvement in GERD-HRQL score of at least 50% was found whereas 41% of patients had less improvement or even deterioration in symptom scores at 6 months follow-up compared to baseline off PPIs. No differences were found between patients with and without a good clinical response with regard to EndoFLIP and 24-hour pH-impedance parameters both preoperative and at 6 months follow-up. In contrast to objective treatment outcome, preoperative EGJ distensibility and preoperative AET were no predictors of clinical treatment outcome after TIF.
Esophagogastric Junction Distensibility 6 Months After Transoral Incisionless Fundoplication
In 25 patients, EndoFLIP measurements were repeated direct postoperative and at 6 months follow-up. In the direct postoperative state, EGJ distensibility had decreased from 2.0 (1.2-3.3) to 1.4 (1.0-2.2) mm 2 /mmHg (P = 0.014) at the 30 mL distension volume. At 6 months follow-up, no change in EGJ distensibility was found compared to baseline (Table 4) 
Esophagogastric Junction Distensibility and Gastroesophageal Reflux
Preoperative EGJ distensibility (30 mL) was weakly correlated with acid exposure time (r = 0.345, P < 0.05) (Fig. 3) and number of liquid (r = 0.389, P < 0.05), acid (r = 0.325, P = 0.053) and proximal reflux episodes (r = 0.474, P < 0.01) at 6 months follow-up. In contrast, no correlation was found between preoperative EGJ distensibility and AET or number of reflux episodes prior to TIF. Furthermore, no association was found between objective treatment outcome (ie, normalization of acid exposure time) and clinical treatment outcome (ie, ≥ 50% improvement in GERD-HRQL score) after TIF (P = 0.868).
Discussion
Restoration of the incompetence of the EGJ by endoscopic or surgical techniques will allow symptom improvement, particularly in GERD patients unresponsive to drug therapy. One of the newer endoscopic approaches aimed to improve EGJ competence is transoral incisionless fundoplication (TIF) with the Esophyx device. One hypothesis states that the TIF procedure restores the gastroesophageal junction by rotating the fundus around the esophagus and creating a partial fundoplication, 20 thereby restoring EGJ distensibility with reduction in the volume of refluxate since flow across the EGJ is proportional to the opening diameter raised to the fourth power. 12 The EndoFLIP technique is a new method to assess EGJ distensibility. A previous study described the safety of the use of the EndoFLIP before and direct after endoluminal fundoplication, and in the present study no complications occurred. 21 In order to predict the responsiveness to TIF already in the preoperative state, we assessed EGJ distensibility using the EndoFLIP technique. We hypothesized that patients with low preoperative EGJ distensibility will have better EGJ competence compared to patients with high EGJ distensibility. Transoral incisionless fundoplication might be able to improve a slightly disturbed EGJ resulting in more competent functioning of the EGJ with consequently less esophageal acid exposure, whereas TIF might be unable to restore EGJ integrity in case of a severely impaired gastroesophageal junction. Our findings confirm the hypothesis by the outcome of a higher percentage of patients with normal gastroesophageal flap valve grade in patients with normalized AET compared to patients with persistent abnormal AET at 6 months follow-up. However, EGJ distensibility was not significantly different 6 months following TIF. The question arises why the decrease in AET and improvement in gastroesophageal flap valve grade is not associated with a change in EGJ distensibility at 6 months after TIF. This could be related to methodological issues of measuring EGJ distensibility. We have to consider that EndoFLIP results are mean values of a 30-second dynamic measurement. Distensibility of the EGJ is affected by several factors including tone and contractions of the esophagus, crural diaphragm, gastroesophageal flap valve grade and presence or absence of hiatal hernia. A possible limitation of the study is the fact that we measured EGJ distensibility before and after the TIF procedure while patients were under general anesthesia, whereas EndoFLIP measurements at 6 months follow-up were performed under conscious sedation. Although effects of general anesthesia on EGJ distensibility are considered negligible, we cannot exclude that this variable has affected muscle activity and consequently our data. 22 A recent study demonstrated that EGJ distensibility assessed with the EndoFLIP technique was not able to distinguish GERD patients from healthy controls probably as result of the wide range of EGJ distensibility values in healthy controls. 15, 23, 24 In addition, we hypothesized that preoperative EGJ distensibility or CSA would correlate with preoperative esophageal AET, as the EGJ opening diameter determines reflux volume. 12 However, no correlation was found between preoperative EGJ distensibility or CSA and the severity of GERD according to esophageal AET. Therefore, the EndoFLIP technique cannot be used to diagnose GERD or to grade the severity of GERD according to esophageal AET. 23 Tucker et al suggested that endoluminal measurement of EGJ distensibility with the EndoFLIP technique may not be able to reflect the action or interaction of the different structures of the complex EGJ which might be a potential explanation for the lack of correlation between both EGJ distensibility and AET prior to TIF. 23 Moreover, Tucker et al found an inverse correlation between EGJ distensibility, CSA and BMI. In the present study, BMI was not correlated to either preoperative EGJ distensibility or CSA, probably due to a lower median BMI with a narrower range in our participants. 23 Although no difference was observed in EGJ distensibility following TIF, we did observe significant improvement in acid exposure time in 57% of the patients which is comparable to previous publications. 8, 25 Therefore, we suggest that changes in other factors like transient LES relaxations and the acid pocket may contribute to the antireflux effect of the TIF procedure, and probably may explain the observed difference between patients with normalized AET and patients with persistent abnormal AET at 6 months follow-up. 26, 27 Patient selection is crucial in order to achieve optimal treatment outcome after TIF as normalization of AET was only present in 57% of patients. According to literature data, GERD patients with small hiatal hernia (≤ 2 cm) and normal gastroesophageal flap valve grade (Hill I-II) prior to TIF are considered best candidates. 6, 10 In the present study, gastroesophageal flap valve grade and presence or absence of hiatal hernia prior to TIF were not associated with normalization of AET after TIF. However, our results show that lower preoperative EGJ distensibility and moderately increased preoperative AET are associated with better objective treatment outcome after TIF (ie, normalization of AET), whereas patients with high preoperative distensibility and prolonged AET appear to be better candidates for laparoscopic fundoplication. Based on our results, we suggest that patients with preoperative EGJ distensibility < 2.3 mm 2 /mmHg and preoperative AET < 11% have the best objective treatment outcome. Recently, a comparable cutoff value of 10% for preoperative AET was suggested. 25 However, it should be taken into account that this is the first study reporting on preoperative EGJ distensibility as predictive factor for objective treatment outcome of TIF. Our sample size is small and additional data are needed to confirm our results and optimize cut-off values.
Furthermore, we have to consider that an effective treatment for GERD is not only expected to reduce AET, heal esophagitis and prevent the development of chronic complications, but also to relieve GERD symptoms. In contrast to objective treatment outcome, preoperative EGJ distensibility could not predict clinical treatment outcome after TIF. In addition, no association was found between objective (ie, normalization of acid exposure time) and clinical (ie, ≥ 50% improvement in GERD-HRQL score) treatment outcome. Although the first sham controlled trials are awaited, we hypothesize that one possible explanation for this apparent discrepancy might be the placebo effect as both patients with decreased and unaltered AET showed symptom improvement. 28, 29 In addition, Trad et al described a lack of symptom improvement in patients with persistent pathological AET after acid suppressive therapy, whereas patients with persistent pathological AET after TIF had improved symptom scores. 25 Moreover, we have to take into account that symptom perception in GERD patients is a complex pathophysiological mechanism influenced by multiple factors including reflux characteristics (ie, acidity, proximal extent, and composition of the refluxate), hypersensitivity and mucosal barrier function. 30, 31 In the present study, we evaluated reflux characteristics according to 24-hour pH-impedance monitoring, whereas we did not objectively assess changes in (hyper)sensitivity and mucosal barrier function after TIF. This might at least partially explain the lack of association between objective and clinical treatment outcome after TIF, especially as previous studies described discrepancies between the severity of esophageal acid exposure and reported symptoms. 30, 32 In addition, our study had other limitations. We assessed the predictive effect of EGJ distensibility for medium term treatment outcome based on acid exposure time and symptom scores 6 months after TIF. Gastroesophageal reflux disease is however a chronic disorder and assessment of the predictive value of preoperative EGJ distensibility for long-term follow-up is necessary. Furthermore, we have to take into account practical and financial aspects of the EndoFLIP technique especially as assessment of AET is part of the preoperative work-up of GERD patients. Measurement of EGJ distensibility with the EndoFLIP device is a relatively new method and the precise role of this technique in the diagnosis and management of upper gastrointestinal diseases is still unknown. Therefore, the EndoFLIP is not a routine technique and only available in a limited number of GI centers, despite the fact that the device is commercially available. Although EndoFLIP offers the possibility to acquire assessment of EGJ distensibility in a more practical method compared to barostat, we have to consider that measurement of EGJ distensibility with the EndoFLIP technique remains an invasive procedure which may be associated with discomfort in patients. 33 Finally, we have to take into account additional costs of this technique as both the mobile recording device and single-use catheters are expensive.
Taken our results and arguments into consideration, no evidence has been provided for the use of the EndoFLIP technique in GERD patients either in the preoperative diagnostic work-up or in the post-procedure evaluation. However, we cannot exclude that the EndoFLIP device may have additional value in the follow-up of patients with postoperative symptoms (eg, dysphagia) after antireflux procedures or for assessment of treatment efficacy in achalasia patients.
